
Properties  of  Wide BandGap  Materials
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Surface Navy Radar

Aperture size constraints:
S-band: 32 m2

X-band: 10 m2

Aperture size constraints:
S-band: 32 m2

X-band: 10 m2
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• NAVY RE Q UIRE ME NTS F O R LO NG E R RANG E  DE TE C TIO N, DISC RIMINATIO N &
C O UNTE RME ASURE S C HALLE NG E  F UTURE  RADAR DE SIG NS.

• NAVAL ARC HITE C TURE  LIMITS  ANTE NNA APE RTURE  S IZE .
•   ⇒  RE Q UIRE  +,*+,*++((55 3322::((5 5) $05 5) $033/,/,)),,(56(56.

• C A NNO T B E  PRO VIDE D B Y C URRE NT G aA s TE C HNO LO G Y.

• NE W HIG H PO WE R A MPLIF IE R TE C HNO LO G IE S NE E DE D TO  ME E T FUTURE
NA VY RE Q UIRE ME NTS.

• THE SE  RE Q UIRE ME NTS C A N O NLY B E  ME T USING  ::,,'('( %%$$11'*$'*$33 32:(532:(5

$0$033//,),,),((5656��



• Large-area GaN and SiC substrates required for next-
generation high power/high frequency applications (e.g., RF
power amplifiers) in critical Navy systems.

� 2-3″ SiC wafers commercially available.

� 4″ SiC wafers under development.

� 2″ GaN wafers under development.

• Structural defects (dislocations, micropipes, etc.), lattice
imperfections (vacancies, interstitials, antisites), residual
impurities (Si, O, C, B, N, etc.), and dopants (Si, Mg, V, etc.)
play significant roles in electronic properties of wide
bandgap semiconductors.

• Need to develop contactless methods to screen/assess wafers
for crystalline quality and conductivity-type in a production
line environment.

%DFNJURXQG



6WUXFWXUDO�&KDUDFWHUL]DWLRQ

GB - Grain Boundary
M - Micropipe
MG - Micropipe Groups
E - screw dislocation

X-ray Topograph (M. Dudley, SUNY Stony Brook)
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• Emission near 3.2 eV due to N-
bound excitons.

�Narrow linewidths reflect high
crystallinity of samples.

• Strong for n-type and undoped (SI)
samples; weak for V-doped
sample.

• Different deep emission bands.
�Strong band near 2.2 eV from n-

type sample (green).

�Weak band near 2.3 eV from
undoped (SI) sample (blue).

�Strong structured band from V-
doped sample (red).

/RZ�7HPSHUDWXUH�3KRWROXPLQHVFHQFH



• n-type sample absorbs strongly
in region of 1s-2p (N donor)
electronic excitation transitions.

• High-resistivity sample absorbs
only weakly.

• Feature near 631 cm-1 due to
N localized gap mode.

– intensity proportional to N
concentration on C site.

– work underway to obtain
calibration standard.

Non-destructive Infrared Assessment of Impurities

4.2 K4.2 K
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• “Fingerprint” 3-line spectrum of
N observed (s=1/2, I=1).

• Nc = 2.2 x 1017 cm-3; Nh = 1.4 x
1017 cm-3.

• Residual shallow Boron acceptors.
�Hexagonal site indicated by

quartets of arrows (I=3/2); Bh ~
2.2 x 1014 cm-3.

�Cubic site (weak) indicated by
dashed rectangles.

vacancies ?

(OHFWURQ�3DUDPDJQHWLF�5HVRQDQFH��(35�

W.E. Carlos – Code 6860)
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• ODMR :  Combines PL + EPR - -
probes optically-excited states.

• Broad PL band observed at 2.4 eV
(weak PL < 2.0 eV) from SI 6H-SiC.

6H-SiC (SI)

PL

• Three defects identified in as-grown
wafer.

– N donors on hex. + two cubic
sites.

– C vacancies + SiC anti-sites (as
reported from EPR of e--irradiated
6H-SiC).

PL < 1.24 eV
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+LJK�5HVROXWLRQ�3/�RI�)UHH�6WDQGLQJ�+93(�*D1

• Very sharp bandedge emission due to free and impurity-bound
excitons observed at low temperature.

• Material exhibits highest room-temperature electron mobilities
(~ 1350 cm2/V-sec) reported to date.



1RQ�GHVWUXFWLYH�,QIUDUHG�$VVHVVPHQW�RI�,PSXULWLHV

2 x 1016 cm-3 O

4 x 1015 cm-3 Si

2 x1014 cm-3

Unknown donor

Free-standing HVPE GaN
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• Donors and acceptors in
semiconductors have
characteristic optical
absorption signatures.

• Spectral position is unique to a
specific impurity and
absorption intensity is
proportional to concentration.

• Absorption features in the IR
transmission plot are due to
three donors.
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~ 6 K FX

3.0 eV Band

2.2 eV Band
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• In addition to sharp band-edge
emission (FX), two broad PL bands
at 2.2 and 3.0 eV (“optical
signature”) are observed from HR
GaN.

• ODMR reveals that shallow donors
(g=1.951) are active in both 2.2 and
3.0 eV bands.

• Four additional defects (g=1.958,
1.978, 1.992, and 2.022) attributed
to residual donors and acceptors are
also found.



PHO TO IO NIZATIO N SPE C TRO SC O PY
O F  DE F E C TS IN  WIDE  BANDG AP
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• SO ME  DE VIC E S  E XHIBIT O UTPUT DE G RADATIO N AF TE R  TURN-O N.
• Due to MATE RIAL DE F E C TS.

•  DE F E C TS C AUSE   ´&XUUHQW &ROODSVHµ�
• Defect WUDSV mobile  charge  carrie r - UHGXFHV GHYLFH FXUUHQW 	
SRZHU�

Vary
gate
voltage

DE VIC E  WITH DE F E C TS E XPE C TE D DE VIC E
C HARAC TE RIST IC S

C URRE NT
C O LLAPSE

LIG HT

'HYLFH 'UDLQ &XUUHQW YV� 'UDLQ 9ROWDJH

� /,*+7 WILL F RE E  (PHO TO IO NIZE ) C ARRIE RS F RO M TRAPS AND
5(6725(6 '(9,&( 3523(57,(6�

� ⇒ USE  LIG HT ABSO RPTIO N PRO PE RTIE S O F  DE F E C TS TO
,'(17,)< & 48$17,)< DE F E C TS.



3KRWRLRQL]DWLRQ�6SHFWURVFRS\�RI�'HIHFWV��7UDSV�

UVIR

TRAP 1

TRAP 2

TRAP 1
ABSO RPTIO N

TRAP 2
ABSO RPTIO N

• NE W technique  deve loped a t NRL
o Dependence  of defect light absorption on wave length (color).
o Spectrum de termines XQLTXH ILQJHUSULQW RI HDFK GHIHFW�

o Provides method to de termine  FRQFHQWUDWLRQV RI GHIHFWV.
o Leads to method of GHIHFW LGHQWLILFDWLRQ�
o E ssentia l information for defect HOLPLQDWLRQ�



'HIHFW ,GHQWLILFDWLRQ IURP 3KRWRLRQL]DWLRQ 6SHFWURVFRS\

C ARBO N C O NC E NTRATIO N

SAME
DE PE NDE NC E

• De fect incorpora tion a ffected by mate ria l growth conditions.
• Varia tion of T rap1 & Trap2 concentra tions with materia l growth

pressure :
• C oncentra tion of T rap2 TRAC KS concentra tion of &$5%21.

� 7UDS� LV FDUERQ�UHODWHG GHIHFW.
• Reduction of ca rbon expected to reduce  this e ffect.

• T rap1 concentra tion va ries simila r to VWUXFWXUDO GHIHFWV�
• C urrent studies probing this re la tionship.


